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IN SITU MEASUREMENT APPARATUS AND 
METHOD OF MEASURING SOIL 

PERMEABILITY AND FLUID FLOW 

FIELD OF THE INVENTION 

The present invention relates to a soil characterization 
apparatus and method for using the same, and more 
particularly, to a characterization apparatus, and a method to 
employ such apparatus, Which is adapted for use With cone 
penetrometer rods and other direct push emplacement 
technologies, for subsurface contaminant plume and land?ll 
measurement testing. 

BACKGROUND OF THE INVENTION 

The permeability of soil is de?ned as the soil’s conduc 
tivity to ?uid ?oW. The permeability of soil to ?uid ?oW 
depends upon the magnitude of soil gas and groundWater 
?oW When subjected to particular natural and/or unnatural 
pressure gradients. Pressure gradients exist due to natural 
effects such as hydraulic gradients (in the case of 
groundWater) and barometrically imposed gradients (in the 
case of soil gas). Unnatural (forced) gradients can be 
imposed by soil vapor extraction, air sparging, active 
venting, pump and treat, and other remediation processes 
requiring the movement of ?uids through the soil. 

The design of any of these processes requires a knoWl 
edge of the ?oW characteristics of the soil to be remediated. 
The soil’s permeability is the largest variable, Which can 
vary by orders of magnitude in any given hydrological 
and/or geological environment. Therefore, knowledge of 
soil gas permeability is required to design soil vapor extrac 
tion systems and understand, in general, the movement of 
gas in the soil. Similarly, knoWledge of saturated hydraulic 
conductivity (or, the soil’s permeability to liquid ?oW) is 
required to predict movement of groundWater in saturated 
soils. 

Soil permeability has historically been measured either in 
laboratories on a very small scale or in the ?eld on a very 
large scale. Laboratory measurements rarely agree With data 
collected in the ?eld due to the dif?culty of obtaining truly 
undisturbed soil samples. Further, laboratory test results are 
usually at least an order of magnitude loWer than actual ?eld 
results. 

Because of the high cost and time constraints of obtaining 
?eld measurements, it is oftentimes bene?cial to ?rst obtain 
soil permeability measurements in a laboratory setting. The 
?oW of ?uid and the travel of contaminant plumes in 
subsurface soils are capable of being mathematically mod 
eled if the soil’s permeability is knoWn. Frequently, 
hoWever, it is dif?cult to readily determine the accuracy of 
the soil’s permeability for several reasons. For example, soil 
is heterogeneous in varying degrees, usually depending 
upon the type of soil in the surrounding environment, the 
depth of the soil and the physical scale of interest. 
Additionally, it is knoWn that soil permeability can vary 
betWeen tWo to three orders of magnitude at most soil 
remediation sites. Consequently, the ability to obtain quality 
predictive modeling results in the laboratory, Whether to 
estimate soil gas travel or to design alternative remediation 
systems, is heavily dependant upon the accuracy of the 
predicted soil permeability and the surrounding environ 
ment. 

In the ?eld, soil gas permeability measurements are 
obtained either through total borehole ?oW or isolated 
packer (also referred to as a “straddle packer”) measurement 
techniques. Total borehole ?oW measurements are obtained 
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2 
from open or screened boreholes, Where gas or liquid is 
injected into or extracted from the borehole Well. In 
particular, permeability measurements (gas or liquid) are 
typically obtained from boreholes using a cylindrical ?oW 
model and geometry. Long screened or uncased sections of 
the borehole are subjected to unnatural (e.g., forced) pres 
sure gradients and the resultant ?oW into or out of the Well 
is subsequently measured in order to obtain the soil perme 
ability. For one-dimensional radial symmetric (cylindrical) 
?oW geometries such as these, the test region is relatively 
long and a radius of in?uence is either measured (or can be 
predicted) to determine the surrounding soil’s permeability. 
The inherent Weakness With this approach, hoWever, is that 
it results in providing only an average permeability over the 
test region, and cannot delineate stratigraphic features 
Within any particular test region or depth. 
A disadvantage to the current method of obtaining per 

meability measurements in the ?eld is that it is impossible to 
translate unmodi?ed open borehole measurement techniques 
to penetrometer measurement because of siZe limitations 
and the penetrometer’s compaction of the soil. 

Various direct push measurement techniques exist, With 
perhaps the use of penetrometer rods (or, “penetrometers”) 
being the most common. The direct push technologies using 
penetration rods include an elongated rod Which is pushed 
into the ground to penetrate the ground and subsurface 
depths. Generally, each penetrometer rod is a continuously 
cylindrical steel tube having a holloW interior channel. At 
one end of some penetrometer rods (e.g., the end Which is 
embedded in the ground) is placed a cone-shaped tip (seen 
generally in FIG. 3). These types of penetrometers are 
referred to as “cone penetrometers.” If desired, the pen 
etrometer rod can travel deeply into the subsurface by the 
assistance of a hydraulic ram or other conventional means. 

Use of a penetrometer rod to obtain permeability data is 
inherently less intrusive than drilling boreholes. Penetrom 
eters provide vastly more data in the same amount of time 
as do drilled holes, at a much loWer cost and risk to the 
operators of penetrometer. Penetrometers, and other direct 
push techniques (such as the ResonantSonic system) are 
rapidly advancing as hole formation and soil characteriZa 
tion tools because they are capable of emplacement in 
dif?cult media. Therefore, conducting permeability mea 
surements With direct push techniques, instead of in drilled 
boreholes, retains all of the advantages of penetrometer 
emplacements. 

Conventional cone penetrometer systems are already out 
?tted for soil gas and liquid sampling, geophysical 
measurements, in-situ chemical analysis, temperature 
logging, pore pressure measurements, and direction indicat 
ing capabilities. For example, permeability measurements 
are conducted With cone penetrometer emplacements by 
observing the dissipation of pore pressure after the soil has 
been compacted by the rod emplacement. The ability to 
obtain pore pressure data is included in a conventional 
geophysical measurement package located at the tip of the 
cone penetrometer. A disadvantage to this type of testing, 
hoWever, is that this type of measurement requires a knoWl 
edge of the soil type to infer the soil’s permeability, Which 
in many cases is dif?cult to predict. Furthermore, this type 
of testing cannot be conducted in high permeability Zones 
because the pressure dissipation in the soil is too rapid. 

Conversely, conducting cone penetrometer testing using a 
spherical ?oW model, as described in the present invention, 
can provide detailed soil permeability data as a function of 
the depth at Which the measurement is taken. This is because 
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the testing region is relatively small (measured in fractions 
of a meter versus meters for the cylindrical model), alloWing 
discrete measurements at high resolution in boreholes. 

Therefore, it is an object of the present invention to 
provide a measurement method Which alloWs quantitative 
in-situ determination of gas and saturated liquid permeabil 
ity With a modi?ed cone penetrometer and other direct push 
techniques. 

It is also an object of the present invention to provide a 
soil permeability measurement method Which substantially 
reduces ?eld costs, is rapidly emplaced, generates minimal 
secondary Waste generation and reduces Worker exposure to 
chemical and radiological haZards. 

It is a further object of this invention to obtain steady state 
measurements of air and saturated liquid permeability at 
various subsurface depths during a direct push technique 
Which is unaffected by the compaction of the soil caused by 
the penetrometer. 

It is also an object of the present invention to utiliZe a 
spherical ?oW geometry measurement method, in conjunc 
tion With direct push techniques, to obtain information 
relating to soil permeability as a function of depth. 

It is another object of the present invention to provide a 
in situ measurement apparatus adapted to employ a spherical 
?oW model to obtain information relating to soil permeabil 
ity as a function of depth, Without substantial disturbance of 
subsurface soil. 

SUMMARY OF THE INVENTION 

A method for discrete soil gas and saturated liquid per 
meability measurements With direct push emplacement sys 
tems (such as a cone penetrometer). A modi?ed direct push 
emplacement system having at least one injection port and 
at least one monitoring port is ?rst engaged to penetrate the 
soil to a predetermined depth. Gas or liquid is then injected 
into the soil at a predetermined location on the penetrometer 
rod. Next, a differential pressure response is recorded from 
at least tWo measurement ports, Which are at a knoWn 
distance from the injection port (on the same penetrometer 
rod). This pressure response data alloWs calculation of the 
soil permeability directly by using a one-dimensional, 
spherical, steady state, porous ?oW model to measure the 
effective permeability of the soil, Without substantial distur 
bance of the surrounding soil. 

The present invention is Well-suited to direct push appli 
cations for a number of reasons. First, because the present 
method’s environmental sphere of in?uence is small and 
discrete (e.g., in or around the direct push system), the 
amount of ?uid injected into (or extracted from) the test 
region is small. This is important because of the limited 
space inside the direct push system for ?uid pressure transfer 
lines and monitoring lines. Second, the present method does 
not require a long time period to reach a steady state 
condition. This provides for obtaining multiple measure 
ments in relatively short periods of time While providing 
high spatial resolution. Third, the present invention’s meth 
odology is designed such that the compaction of soil adja 
cent to the rod, caused by the direct push system, has 
minimal impact on the inferred soil permeability. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross sectional vieW of the present 
invention inserted into the subsurface; 

FIG. 2 is a graphical representation of the ?uid ?oW ?eld 
When the present invention is employed; 
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4 
FIG. 3 is a partial cross sectional vieW of the present 

invention; 
FIG. 4 is a partial cross sectional vieW of the present 

invention as tested in the laboratory; 

FIG. 5 is a graphical illustration of the gas pressure 
distribution adjacent to the test set up according to FIG. 4; 

FIG. 6 is a graphical illustration of the pressure pro?les 
along and perpendicular to the axis of a penetrometer rod as 
set up according to the con?guration of FIG. 4; 

FIG. 7 is an alternate embodiment of the present inven 

tion; 
FIG. 8 is a side vieW of an alternate embodiment of the 

present invention; 
FIG. 9 is a detailed vieW of a portion of the embodiment 

shoWn in FIG. 8; 
FIG. 10 graphically illustrates the portable vehicle 

employed With the invention of FIG. 8; 
FIG. 11 is another side vieW of the invention illustrated in 

FIG. 8, depicting additional components disclosed; and 
FIG. 12 illustrates the one dimensional steady state, 

spherical porous ?oW model disclosed in the present inven 
tion. 

DESCRIPTION OF THE INVENTION 

As seen in FIG. 1, the present invention includes a 
holloW-channeled penetrometer rod 10 having a cone 11 at 
one end (as seen in FIG. 3), at least one or more injection 
ports 13 and a plurality of measurement ports 15 along the 
length of rod 10, both ports integrally formed into or upon 
rod 10. In one embodiment, cone 11 on rod 10 is preferably 
of similar diameter as the diameter of rod 10. Each pressure 
port is in gas-?oW communication With pressure sensor 23 
through the holloW interior channel 17 of rod 10 and each 
port is formed at a predetermined radial distance aWay from 
any other port. In the preferred embodiment, each injection 
port 13 is at least equal to one half of the diameter of rod 10 
to induce constant soil pressure in the adjacent environment. 

Preferably, there is only a single injection port 13, and 
each injection port 13 is screened or slotted, is designed to 
alloW air or ?uid injection or extraction through the screened 
or slotted section, and is designed to assist the surrounding 
soil to reach equilibrium in a short time When subjected to 
?uid pressure. Further, measurement ports 15 Would be 
fabricated at at least tWo locations above the extraction Zone. 
These ports Would be ?ltered penetrations into the probe 
Which Would alloW pressure communication up to the 
ground surface. Thus, each injection port 13 is adapted to 
engage one end of a conventional injection line 21a through 
Which either gas or liquid can ?oW. The exterior length of 
injection lines 21a is then placed Within the interior channel 
17 of rod 10, With the injection line’s second end terminating 
at pressure source 21 above the surface to supply gas or 
liquid to injection port 13. 
The plurality of measurement ports 15 are adapted to 

retain one or more sensor means 15a (as seen in FIG. 1) 
Which are electrically or hydraulically connected via signal 
communication means 23a Within the rod’s interior channel 
17 to one or more predetermined sensing devices 23 located 
above the surface. Such sensing devices, for example, can 
include a Wire, a conventional manometer, or a computer, all 
adapted to electrically communicate With the sensor means 
and being capable of receiving soil permeability measure 
ment data. 

To obtain soil permeability measurements, rod 10 is 
inserted (or, pushed) into the ground by any conventional 
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means. The interior channel 17 of rod 10 Will contain the 
necessary injection lines and electrical signal Wires Which 
connect to the injection ports and measurement ports, 
respectively. As rod 10 is inserted into the subsurface, and 
because cone 11 is of substantially similar diameter as the 
diameter of rod 10, the rod’s 10 exterior surface 25 Will have 
a tight ?t above and beloW the injection ports and measure 
ment ports. Then, a ?uid, such as a liquid or a gas, is injected 
through injection line 21a (or extracted from the injection 
line) to an injection port 13 on the penetrometer rod 10. This 
injection (or extraction) Will result in a spherical ?oW ?eld 
as the ?uid moves outWard from the rod, and is required to 
induce an equilibrium in the surrounding soil for accuracy. 
In most circumstances, soil equilibrium is achieved in less 
than ?ve minutes. Subsequently, the ?oW ?eld Will become 
essentially spherical even if the soil adjacent to the rod is of 
a much loWer permeability (due to soil compaction). As 
represented in FIG. 2, the injection or extraction source is 
represented as a spherical volume With radius r0. Fluid is 
added (or removed) from the Zone at a knoWn rate. The 
medium has a permeability, k, Which is assumed homoge 
neous. 

Eventually, equilibrium Will be reached, Which means that 
for any given injection rate, the radial pressure pro?le along 
the axis of penetrometer rod 10 is identical to that Which 
Would occur if rod 10 (and compacted soil) did not exist. 
Once equilibrium has been reached, a permeability mea 
surement is obtained from the sensing means 23a and 
communicated to sensing devices 23. Measurement of the 
pressure gradient at some distance from the injection port 
produces adequate information to infer the permeability 
accurately. Subsequently, rod 10 can be further pushed into 
the subsurface 30 for additional or repetitive testing. In light 
of the foregoing, those of skill in the art Will realiZe that 
additional measurements can be obtained through sensing 
means 23a, such as atmospheric pressure, temperature, and 
?uid ?oW rate. 
When the exterior surface of rod 10 is in tight ?tting 

relationship With the immediate soil, the permeability test 
data results may be heavily in?uenced by the compacted soil 
annulus formed as penetrometer 10 is forced into the adja 
cent soil. A compacted layer as thin as half a centimeter 
Would likely result in arti?cially loW inferred permeability 
due to the high pressure gradient caused in this region by the 
reduction of soil porosity. As such, the pressure ?eld Will 
eventually become spherical as the distance from the injec 
tion Zone increases. The details of the extraction source 
geometry can be ignored if radial pressure measurements are 
taken at a distance from the source. The resulting radial 
pressure pro?le then alloWs the de?nition of re as the 
distance from the extraction source to the ?rst pressure 
measurement location (as seen in FIG. 2). 

FIGS. 4 and 6 exemplify a laboratory test simulation 
Where the steady state radial symmetric AIRFLOW code 
Was used to model the soil gas response. In this example, a 
4.4 cm-diameter penetrometer With a 32 cm-high screened 
injection Zone is emplaced in soil With a uniform perme 
ability of 5 Darcies. The resulting contour plot (as seen in 
FIG. 5) indicates that at a short distance from the extraction 
source, the isobars become very spherical. The cylindrical 
geometry eventually results in a spherical ?oW ?eld. At 
slightly less than 0.5 of a meter from the injection source, the 
pressure pro?le along the axis of the penetrometer equals the 
pro?le radially outWard from the penetrometer rod. 
Additionally, as seen in FIG. 12, a one dimensional steady 
state ?oW model is employed to generate the desired infor 
mation. In particular, R is the universal gas constant, P0 is 
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6 
the pressure inside the sphere, P is the pressure outside of the 
sphere, r0 is the radius Within the sphere, r is the radius 
outside of the sphere, p is the density, p is the viscosity of 
the injection ?uid, T is the temperature, and m is the ?uid’s 
?oW rate. Those of skill in the art Will realiZe that With 
obtaining the proper data, this model can be employed in a 
data acquisition unit and analysis device Without undue 
experimentation to obtain the desired results. 

In geographic areas composed of highly saturated 
conditions, an alternative embodiment of the present inven 
tion is adapted to obtain permeability measurements using 
in?atable packers inside of the rod. In this fashion, and as 
seen in FIG. 7, miniature packers 35 are secured along the 
penetrometer rod at preselected intervals. Each packer 35 is 
capable of being in?ated, so that When rod 10 is at the 
desired subsurface depth, all the packers are in?ated to 
provide a stable support structure for the rod and also 
provide a plurality of enclosed testing regions 50. Each 
testing region 50 includes a port 15 Which alloWs ?uid 
pressure communication With the soil. The packer 35 alloWs 
injection of air into the soil While the pressure measurements 
accurately monitor soil gas pressure. This design has the 
advantage of leaving the penetrometer rod open for other 
uses. In operation, each testing region 50 can either be an 
injection port 13 or a measurement port 15. 
An alternate embodiment of the present invention is 

shoWn in FIGS. 8—11. In this embodiment, a direct push 
emplacement system is mounted on a truck for portability. 
The system includes rod 51 similar to rod 10 above, and 
preferably, is a conventional tWo inch diameter by approxi 
mately three foot long length. The internal channel of rod 51 
includes tubing 67 Which can transport ?uid from the 
earthen surface to the point of desired injection (de?ned as 
the injection Zone). Gas (such as air) or liquid (such as 
Water) is injected into the soil through a screened or ?ltered 
portion 53 located at the bottom of rod 51. Rod 51 includes 
a plurality of precision pressure sensors 55 (preferably ?ve) 
embedded in rod 51 to measure the pore ?uid pressure in the 
soil at speci?c distances from the injection Zone. The 
electrical signals generated from sensors 55 are then trans 
mitted to the earthen surface to a data acquisition unit 57 
(such as a computer) by conventional means, such as elec 
trical Wire or cable 59. The ?uid injection Zone pressure and 
temperature inside rod 51 are measured With sensors 61. 
Like sensors 55, the information generated by sensors 61 is 
transmitted to the earthen surface through conventional 
means, such as cable 59. 

As seen in FIGS. 10—11, the alternate embodiment is 
employed by stationing truck 63 over a preselected mea 
surement location 65. Penetrometer rod is pushed to the 
desired measurement depth 65. Gas or ?uid is then pumped 
into the injection tubing 67 from box 69 containing the gas 
and ?uid pumps. For example, a reservoir of clean Water 71 
(or similar ?uid) can be used to provide the injection ?uid. 
Preferably, pump box 69 also includes meters (not shoWn) 
that measure the gas and ?uid ?oW rates. Signals from these 
?oW meters, and pressure sensors 55, 61 in the rod section, 
can then be transmitted to data acquisition unit and analysis 
device 57 through cable 59. Data acquisition unit and 
analysis device 57 calculates the permeability using math 
ematical models described above. The advantage of the 
present invention is that it provides higher quality data and 
Will Work over long distances (e.g., hundreds of feet). In 
contrast, the previous methods are dif?cult to employ using 
long pressure measurement tubes. 
The present invention offers several advantages over 

conventional soil permeability techniques. For example, the 
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present invention provides an absolute measure of soil 
permeability and is adapted to measure a Wide range of soil 
permeability conditions in both saturated and unsaturated 
soil. The invention also does not require permanently occu 
pying the inner core of the penetrometer and is designed to 
pass other electrical signals and tubes running to measure 
ments at the penetrometer’s tip. Finally, the cost savings of 
this method, When compared to drilled borehole 
measurements, are signi?cant. Borehole formation costs 
range from tens to hundreds of thousands of dollars for a 
typical Well, depending on the type of drilling operation, 
nature of contamination, depth of Well, and the geologic 
media. Additionally, a typical drilling operation for a 100 ft. 
Well requires tWo to ?ve days. In contrast, the method of the 
present invention can be accomplished in one day With a full 
suite of measurements. In both gas and liquid permeability 
measurements, the measurement time per station is less than 
?ve minutes, so 20 to 40 measurements could be accom 
plished during one push, in one day. This provides a great 
deal of detail in permeability distribution. 
Whereas the draWings and accompanying description 

have shoWn and described the preferred embodiment of the 
present invention, it should be apparent to those skilled in 
the art that various changes may be made in the form of the 
invention Without affecting the scope thereof. 
We claim: 
1. An apparatus for determining soil permeability at a 

particular extraction Zone, the apparatus comprising: 
(a) an elongated penetrometer rod of predetermined diam 

eter having an internal channel formed therein; 
(b) a cone attached on one end of the rod; 

(c) a plurality of measurement ports formed at speci?c 
locations upon the rod, each measurement port being 
?ltered and in gas-?oW communication With the chan 
nel; 

(d) a plurality of injection ports formed upon the rod in 
gas-?oW communication With the channel; 

(e) a means, partially located Within the rod’s channel, for 
communicating pressure information, each means for 
communicating pressure information having a ?rst end 
and a second end, each means for communicating 
pressure information being attached to each measure 
ment port at each ?rst end; and 

(f) a means for sensing pressure information attached to 
the means for communicating pressure information at 
the means for communicating pressure information’s 
second end, the means for sensing pressure information 
being remotely located from the rod, the means for 
sensing pressure information adapted to employ a one 
dimensional steady state spherical porous ?oW model 
to obtain a desired result. 

2. The apparatus of claim 1, further including a means, 
partially located Within the rod’s channel, for injecting ?uid 
?oW having a primary end and a secondary end, each means 
for injecting ?uid ?oW being attached to each injection port 
at each primary end. 

3. The apparatus of claim 2, further including means for 
inducing pressure attached to the means for injecting ?uid 
?oW at the secondary end, the means for inducing pressure 
remotely located from the rod. 

4. The apparatus of claim 3, Wherein the means for 
injecting ?uid How is adapted to alloW the How of gas. 

5. The apparatus of claim 3, Wherein the means for 
injecting ?uid How is adapted to alloW the How of liquid. 

6. The apparatus of claim 3, Wherein the means for 
injecting ?uid How is an injection line. 
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7. The apparatus of claim 3, Wherein each injection port 

is at least equal in Width to one half of the rod’s diameter. 
8. The apparatus of claim 7, Wherein each injection port 

further includes a screen attached thereto and is adapted to 
alloW ?uid injection or extraction through the screen, 
thereby assisting the surrounding soil to reach equilibrium 
When subjected to ?uid pressure. 

9. The apparatus of claim 3, Wherein each injection port 
is Wider than the Width of each measurement port’s pre 
de?ned diameter. 

10. The apparatus of claim 9, Wherein the cone is of 
prede?ned diameter and equal to the diameter of the rod. 

11. The apparatus of claim 2, further including one or 
more sensor means displaced Within each measurement port, 
the means for communicating pressure information being in 
electrical communication With each sensor means at the ?rst 
end, each sensor means adapted to receive soil permeability 
measurement information. 

12. The apparatus of claim 11, Wherein each sensor means 
is selected from the group of a Wire, a manometer, an 
electronic pressure sensor, or a computer. 

13. The apparatus of claim 11, Wherein only tWo mea 
surement ports are formed upon the rod at a distance above 
the extraction Zone. 

14. A device for discrete soil gas and saturated liquid 
permeability measurements at a particular extraction Zone 
With direct push emplacement systems, the device compris 
ing a holloW channeled direct push emplacement system 
having at least tWo measurement ports and at least one 
injection port formed upon the system, the injection port 
being ?ltered and in gas-?oW communication With the 
channel; the device further comprising a means, partially 
located Within the channeled direct push emplacement 
system, for communicating pressure information, each 
means for communicating pressure information having a 
?rst end and a second end, each means for communicating 
pressure information being attached to each measurement 
port at each ?rst end; and a means for sensing pressure 
information attached to the means for communicating pres 
sure information at the means for communicating pressure 
information’s second end, the means for sensing pressure 
information being remotely located from the rod, the means 
for sensing pressure information employing a one dimen 
sional steady state spherical porous ?oW model to obtain a 
desired result. 

15. The device of claim 14, Wherein the system is an 
elongated penetrometer rod of predetermined diameter, the 
system further including a cone attached on one end of the 
rod. 

16. The device of claim 15, further including a means for 
injecting ?uid partially located in the system’s holloW 
channel and having a primary end and a secondary end, the 
means for injecting ?uid being coupled to each injection 
port, and a means for inducing pressure, the means for 
inducing pressure being coupled to the means for injecting 
?uid at the secondary end. 

17. The device of claim 16, Wherein the means for 
injecting ?uid is adapted to alloW the How of gas or liquid. 

18. The device of claim 16, further including a sensor 
means displaced Within each measurement port; a means for 
communicating pressure information partially located in the 
system’s holloW channel and having a ?rst end and a second 
end, the means for communicating pressure information 
being electrically coupled to each sensor means at each ?rst 
end; and a means for sensing pressure information coupled 
to each means for communicating pressure information’s 
second end. 
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19. The device of claim 18, wherein each injection port is 
at least equal to one half of a diameter of the system and 
Wider than a Width of each measurement port, each injection 
port further including a ?lter attached thereto and adapted to 
alloW ?uid injection or extraction through the ?lter to assist 
the surrounding soil to reach equilibrium When subjected to 
?uid pressure. 

20. A method for discrete soil gas and saturated liquid 
permeability measurements at a particular extraction Zone 
Within the earth With direct push emplacement systems, the 
method comprising the steps of: 

(a) inserting a direct push emplacement system into the 
earthen soil to a predetermined depth, the system 
having a holloW channel and at least tWo measurement 
ports and at least one injection port formed upon and 
Within the system, each measurement port and each 
injection port being ?ltered and in communication With 
the channel, each measurement port being of predeter 
mined radial distance aWay from any injection port; the 
system further including a means for injecting ?uid and 
a means for inducing pressure, the means for injecting 
?uid being partially located in the system’s holloW 
channel and having a primary end and a secondary end, 
the means for injecting ?uid being coupled to each 
injection port at each primary end, the means for 
inducing pressure being coupled to the means for 
injecting ?uid at each secondary end; the system further 
comprising sensor means and a means for communi 
cating pressure information and a means for sensing 
pressure information, the sensor means residing Within 
each measurement port; the means for communicating 
pressure information partially located in the system’s 
holloW channel and having a ?rst end and a second end, 
the means for communicating pressure information 
being electrically coupled to each sensor means at each 
?rst end, the means for sensing pressure information 
coupled to each means for communicating pressure 
information’s second end; 

(b) alloWing the means for inducing pressure to dispense 
or eXtract ?uid to or from the means for injecting ?uid 
and thereafter to each injection port formed Within the 
system to result in a spherical ?oW ?eld Which subse 
quently provides an equilibrium in the surrounding 
earthen soil; 

(c) obtaining permeability measurement information from 
each sensing means; 

(d) transmitting the permeability measurement informa 
tion to the means for sensing pressure information 
through the means for communicating pressure infor 
mation; and 

(e) employing a one dimensional steady state spherical 
porous ?oW model Within the means for sensing pres 
sure information to obtain a desired result. 
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21. The method of claim 20, Wherein the system is an 

penetrometer rod of predetermined diameter, the rod further 
having a cone attached thereto. 

22. The method of claim 21, further including the steps of 
obtaining atmospheric pressure information, soil tempera 
ture information and ?uid ?oW rate information from each 
sensing means. 

23. The method of claim 22, further including the step of 
employing in?atable packers Within the rod at preselected 
intervals to de?ne one or more testing regions along the 
length of the rod adjacent to each measurement port or each 
injection port. 

24. An instrument for soil gas, ?uid and permeability 
measurements at desired locations beloW the earthen 
surface, the instrument comprising: 

(a) an elongated, channeled direct push emplacement 
system having a tube therein and a top end and a bottom 
end, the system further including at least one ?lter 
located adjacent to the bottom end; 

(b) a plurality of pressure sensors variously embedded 
along the length of the system and adapted to measure 
soil pore pressure at various positions from the desired 
locations, each pressure sensor being adjacent to a 
?lter; 

(c) means for communicating pressure information par 
tially located Within the tube and having a ?rst, a 
second, a third, and a fourth end, the ?rst end being in 
electrical communication With each pressure sensor 

and each pore pressure sensor; 

(d) means for pumping gas or ?uid, the means for 
pumping gas or ?uid being coupled With the means for 
communicating pressure information’s second and 
third ends; and 

(e) at least one data acquisition and analysis means being 
in electrical communication With the means for com 
municating pressure information’s fourth end. 

25. The instrument of claim 24, Wherein the means for 
pumping gas or ?uid further comprises a plurality of meters 
for measuring gas and ?uid ?oW rates, each meter being in 
electrical connection With each data acquisition and analysis 
means. 

26. The instrument of claim 25, further including a ?uid 
reservoir attached and in ?uid communication With the 
means for pumping gas or ?uid. 

27. The instrument of claim 25, further including a 
transportation vehicle, the emplacement system being car 
ried and supported by the vehicle. 

28. The instrument of claim 27, Wherein the direct push 
emplacement system is an elongated penetrometer rod. 

* * * * * 


